###### Strengths and limitations of this study

-   This is the first systematic review assessing the benefits and harms of continuing education on the prevention of mild cognitive impairment or Alzheimer's-type dementia.

-   This is the first overview of systematic reviews presenting an up-to-date summary of currently available research in the field of cognitive leisure activities and dementia.

-   The certainty of evidence is low, indicating that future studies might have a substantial impact on the results of our review.

-   Measurements and types of cognitive leisure activities differed widely across studies and quantitative analyses were often not possible.

-   The majority of included systematic reviews have serious methodological shortcomings.

Introduction {#s1}
============

In 2012, the WHO named the prevention and control of neurocognitive disorders such as mild cognitive impairment (MCI) or Alzheimer's-type dementia a global public health priority.[@R1] Alzheimer's-type dementia is the most common form of dementia.[@R1] In 2018, 50 million people worldwide lived with Alzheimer's disease or another closely related form of dementia.[@R2] As a consequence of the rapidly ageing world population, the prevalence of dementia is projected to rise up to 152 million people in 2050.[@R2]

The progressive loss of independent functioning of people with Alzheimer's-type dementia leads to an enormous social and economic burden. In 2018, the US economic burden associated with Alzheimer's-type dementia was estimated to be US\$277 billion.[@R3] The total global costs for dementia were about a trillion US dollars in 2018.[@R2]

The Diagnostic and Statistical Manual-5 characterises Alzheimer's disease as a significant decline of intellectual abilities in one or more cognitive domains (learning and memory, language, executive function, complex attention, perceptual motor function, and social cognition) outside the context of delirium.[@R4]

Any dementia diagnosis, however, is frequently preceded by a long period of subclinical neuropathological disorder with subjective cognitive disorder and mild cognitive disorder as a transition phase before diagnostic criteria for dementia are fulfilled.[@R5] If cognitive decline progresses to a degree that a person's capability of carrying out everyday activities is significantly affected, this state is called major neurocognitive disorder.[@R4]

The risk of developing neurocognitive disorders increases substantially with age. The prevalence of Alzheimer's-type dementia is 3.5% in persons aged 75 or older and 46.3% in those 95 years or older.[@R6] It is estimated that 15%--20% of people age 65 or older are living with MCI.[@R3] Other risk factors than age contributing to the development of dementia are not yet thoroughly understood. In recent years, epidemiological studies have linked the development of dementia with risk factors such as low educational level, unhealthy diet, decreased physical activity and smoking.[@R7] In addition, potential predictors of dementia are chronic medical conditions such as cardiovascular diseases, diabetes, obesity, cancers, depression, thyroid disorder or genetic factors.[@R9] Some studies, however, found a protective association of cognitively stimulating activities, such as learning a new language in middle age, with a slower cognitive decline during late life.[@R10] Such results underpin the 'cognitive reserve hypothesis'.[@R15] According to this theory, through every activity that stimulates the brain, the cognitive reserve gets boosted and the resistance towards any dementia-related brain pathology increases.[@R18] In animal trials, an enriched environment was associated with increased cortical thickness.[@R19] Epidemiological research on humans has shown that education[@R20] and probably also other forms of intellectual stimulation, during the whole lifespan, are associated with a lower risk to develop dementia.[@R21] A larger cognitive reserve acquired by continuing education activities, thus, might protect against cognitive decline.[@R18]

Continuing education activities are structured learning activities offered by educational institutes. These activities are designed to help individuals satisfy learning needs and interests after compulsory schooling, to enrich knowledge, to develop and improve abilities and skills, and to foster personality, social competences, families, networks, health and professional life. Continuing education is voluntary, based on topics and courses that are not directly connected to any special job position or vocational training.[@R24] Cognitive leisure activities (eg, learning a new language) often mimic continuing education activities but are not taking place within the framework of an educational institution.

Rationale {#s1a}
---------

To date, the preventive effect of continuing education on cognitive impairment and Alzheimer's-type dementia has not been assessed in an objective and systematic way. The aim of our review was to summarise the evidence investigating the preventive effects of continuing education on the development of cognitive impairment and Alzheimer's-type dementia.

Our systematic review addressed the following questions:*Key question 1a*: In adults 45 years of age or older with normal cognition or merely subjective cognitive impairment, does continuing education lead to a reduction in the risk of MCI or Alzheimer's-type dementia compared with no continuing education?*Key question 1b* (in case no evidence on continuing education is available or the evidence is sparse): In adults 45 years of age or older with normal cognition or merely subjective cognitive impairment, do cognitive leisure activities lead to a reduction in the risk of MCI or Alzheimer's-type dementia compared with no cognitive leisure activities?*Key question 2*: What are the potential harms of continuing education?*Key question 3*: Do benefits and harms differ by subgroups based on age, sex/gender, race or ethnicities, level of education, or duration of intervention?*Key question 4*: What is the optimal age to start continuing education to prevent MCI or dementia?

Methods {#s2}
=======

Design {#s2a}
------

Throughout this manuscript we followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement[@R30] (see online [supplementary file 1](#SP1){ref-type="supplementary-material"}). The protocol of this systematic review was registered in PROSPERO (International Prospective Register of Systematic Reviews) and published previously.[@R31] [Figure 1](#F1){ref-type="fig"} depicts the analytic framework that guided our systematic review.
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![Analytic framework for continuing education to prevent mild cognitive impairment and Alzheimer's-type dementia. KQ, key question.](bmjopen-2018-027719f01){#F1}

For this systematic review, we define continuing education as structured learning activities and programmes provided by formal and non-formal educational institutions for persons beyond the age of compulsory schooling (in most countries 16 years and older).[@R24]

We addressed our research questions with two different methodological approaches:We performed a systematic review of primary studies to assess the preventive effects and potential harms of continuing education provided by formal and non-formal institutions (key questions 1a, 2, 3 and 4).We conducted an overview of systematic reviews to determine the preventive effects and potential harms of related leisure activities (eg, playing cards, reading books and so on; key question 1b).

We chose this two-step approach because studies in the field of continuing education and dementia are very rare. Certain leisure activities, however, are able to mimic continuing education regarding content (eg, learning a new language privately vs learning a new language as an organised educational activity). Leisure activities are not our primary focus of interest but can be considered as proxy interventions for continuing education in some circumstances.

Study selection {#s2b}
---------------

### Eligibility criteria for the systematic review {#s2b1}

The population of interest were adults 45 years or older without a clinical diagnosis of cognitive impairment at the time of study recruitment, which included people with subjective cognitive impairment. Eligible interventions comprised all cognitive activities that are provided by formal and non-formal educational institutions. These activities include classes, courses and trainings that are based on individual interests and that are attended voluntarily. We included randomised controlled trials, non-randomised controlled trials, prospective controlled cohort studies, retrospective controlled cohort studies and case--control studies. All non-randomised studies needed to have a minimum sample size of 300 or more participants.

Eligible studies had a minimum follow-up time of 1 year and a minimum duration of intervention of 3 months. We excluded studies that investigated formal (vocational) education (eg, school or college), physical activities, and all job-related courses and trainings.

Outcomes of interest included patient-relevant health outcomes such as incidence of dementia, incidence of MCI, psychological well-being, functional capacity, quality of life and other relevant health outcomes; in addition, we included intermediate outcomes such as cognitive functioning, cognitive (test) performance or social inclusion. For the purpose of our study, mild cognitive impairment refers to 'amnestic' mild cognitive impairment, meaning that memory loss is the predominant symptom.[@R32]

### Eligibility criteria for the overview of systematic reviews {#s2b2}

Eligibility criteria for population and outcomes for the overview of systematic reviews were the same as for the systematic review. Eligible interventions were leisure activities that are cognitively stimulating and mimic the content of continuing education but in an informal setting. Just as in the systematic review, we excluded physical activities. Eligible study designs were exclusively systematic reviews and meta-analyses. We excluded reviews with searches conducted before 2013.

Further details about our inclusion and exclusion criteria can be found in our protocol[@R31] and in online [supplementary file 2](#SP2){ref-type="supplementary-material"}.
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### Search strategy {#s2b3}

We systematically searched Ovid MEDLINE, Cochrane Library, EMBASE, PsycINFO, Cumulative Index to Nursing and Allied Health Literature, ALOIS (the Cochrane Dementia and Cognitive Improvement Group Specialised Register) and Education Resources Information Center from January 1990 to April 2018 to identify relevant publications (see online [supplementary file 3](#SP3){ref-type="supplementary-material"} for the search strategy). For the overview of reviews, we searched Epistemonikos from inception to April 2018 in addition to the above-mentioned databases (see online [supplementary file 4](#SP4){ref-type="supplementary-material"}).
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An experienced information specialist developed an appropriate search strategy using a combination of medical subject headings and title and abstract keywords, limiting the search to human-only studies without applying any language limitations. The electronic Ovid MEDLINE search strategy was peer-reviewed by another information specialist following the PRESS (Peer Review of Electronic Search Strategies) statement.[@R33] For the systematic review, we searched for grey literature in ClinicalTrials.gov, WHO's International Clinical Trials Registry Platform, web pages of relevant organisations and a dissertation database ('Digital Access to Research Theses', DART-Europe). Additionally, in an attempt to avoid retrieval bias, we manually searched the reference lists of landmark studies and background articles on this topic to look for any relevant citations that our electronic searches might have missed. We imported all citations into an electronic database (EndNote V.X8) and deleted duplicates.

### Study selection {#s2b4}

Two review authors independently screened the abstracts and relevant full-text articles for eligibility, using Covidence software.[@R34] They resolved disagreements by discussion or by consultation with a third author.

Data abstraction {#s2c}
----------------

We designed, pilot-tested and used a data abstraction form to gather pertinent information from each article. One author extracted relevant data from each study that met our inclusion criteria. A second author of the team cross-checked data abstractions for completeness and accuracy. We extracted study information (author, publication year, years covered by searches, location/setting, number of included studies and included study designs), sample size, study characteristics (population, interventions and comparators), outcome measurements and results. For systematic reviews we abstracted summary estimates of meta-analyses whenever available.

Risk of bias assessment {#s2d}
-----------------------

Two investigators independently assessed the risk of bias of included studies. They resolved any disagreements by consensus or by consulting a third team member. For eligible non-randomised studies, we used the Risk Of Bias In Non-randomised Studies of Interventions tool.[@R35] For the assessment of eligible systematic reviews, we used the Assessing the Methodological Quality of Systematic Reviews tool.[@R36] Detailed risk of bias ratings of included articles are given in online [supplementary file 5](#SP5){ref-type="supplementary-material"}.
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Data synthesis and statistical analysis {#s2e}
---------------------------------------

We narratively summarised evidence from included studies. If available, we present effect estimates of systematic reviews. For the incidence of dementia, we present HR, OR and risk ratio (RR). For the assessment of cognitive test performance, we use standardised mean differences (SMDs) because scales for measurements differed in the individual studies. An SMD of 0 indicates that both groups had the same cognitive test performance.

Certainty of evidence {#s2f}
---------------------

We followed the recommendations of the Grading of Recommendations Assessment, Development and Evaluation working group for rating the certainty of evidence for each outcome.[@R37]

Patient involvement {#s2g}
-------------------

No patients were involved in the development of this research paper.

Results {#s3}
=======

Our search identified in total 4933 citations after exclusion of duplicates. Based on title and abstract review, we considered 58 primary studies and 28 systematic reviews for full-text review. After scrutinising the full-text articles, we included two publications of one primary study[@R38] and five systematic reviews.[@R40] [Figure 2](#F2){ref-type="fig"} and [figure 3](#F3){ref-type="fig"} depict the study selection process. Online [supplementary file 6](#SP1){ref-type="supplementary-material"} provides a list of excluded studies at the full-text level.

![Flow diagram of systematic review of continuing education for the prevention of mild cognitive impairment and Alzheimer's-type dementia.](bmjopen-2018-027719f02){#F2}

![Flow diagram of overview of systematic reviews of cognitive leisure activities for the prevention of mild cognitive impairment and Alzheimer's-type dementia.](bmjopen-2018-027719f03){#F3}

Study characteristics {#s3a}
---------------------

### Systematic review {#s3a1}

We included two publications[@R38] that present interim findings of the same medium risk of bias prospective cohort study, namely the Tasmanian Healthy Brain Project, which plans to follow participants for 10--20 years.[@R45] The two publications analysed different aspects of cognitive functioning of the same 459 participants who did or did not engage in a 12-month, part-time or full-time, university-level education. Participants' mean age was 59.6±7 (mean±SD) years in the intervention group and 62.4±6 years in the control group, with a follow-up period of 4 years. Participants completed a neuropsychological test battery, consisting of 14 tests each year.[@R45]

In this study, selection bias is likely because participants voluntarily opted for university courses or no further education. It is not clear if investigators used appropriate methods to adjust for potential confounders (see online [supplementary file 5](#SP5){ref-type="supplementary-material"} for risk of bias ratings).

### Overview of reviews {#s3a2}

All five included systematic reviews investigated the benefits of cognitive leisure activities in adults over the age of 45 years.[@R40] Four studies included any cognitive leisure activities in their analyses (eg, reading books, doing crosswords, attending cultural events, knitting, painting), and one study[@R43] specifically focused on the benefits of playing video games in older adults. The number of participants investigated in the reviews ranged from 913[@R43] to 24 554.[@R41]

We rated three of the included systematic reviews[@R40] as high and two studies[@R41] as medium risk of bias. Reasons for the high risk of bias ratings were lack of critical appraisal of included studies, single review of the literature and insufficient literature searches (see online [supplementary file 5](#SP5){ref-type="supplementary-material"}).

We graded the evidence for all meta-analysis outcomes with low certainty of evidence mostly because of high inconsistency and indirectness among studies (see online [supplementary file 7](#SP7){ref-type="supplementary-material"}).
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We present the characteristics of included studies[@R40] in [table 1](#T1){ref-type="table"} and [table 2](#T2){ref-type="table"}.

###### 

Study characteristics of included primary studies

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Reference                Study design                                                                                                                                                      Aim                                                                                                                             Sample size                                                                             Population                            Intervention                                                        Measurements                                                                                  Outcomes                                                                                                                    Risk of bias
  ------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------- ------------------------------------- ------------------------------------------------------------------- --------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------- --------------
  Lenehan *et al* [@R39]   Prospective cohort study, Tasmanian Healthy Brain Project (2011--2016)                                                                                            To investigate changes in cognitive reserve in healthy older adults participating over 4 years in university-level education.   459 (359 in the intervention group,\                                                    50--79 years, healthy older adults.   Minimum of 12 months of part-time or full-time university study.\   Prior cognitive reserve and current cognitive reserve were calculated for each participant.   55.7% in the control group vs 92.5% in the university education group showed a significant increase of cognitive reserve.   Medium
                                                                                                                                                                                                                                                                                                                             100 in the control group).                                                                                                    Follow-up: 4 years.                                                                                                                                                                                                                                                                           

  Thow *et al* [@R38]      To determine if the observed increase in cognitive reserve among older adults attending university is associated with a change in cognitive function over time.   Episodic memory, working memory, executive function and language processing performances were assessed annually over 4 years.   Statistically significant improvement of language processing capacity.\                 Medium                                                                                                                                                                                                                                                                                                                              
                                                                                                                                                                                                                                                                                                                             No significant improvement of episodic memory, working memory and executive function.                                                                                                                                                                                                                                                                                                                                       
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Study characteristics of included systematic reviews

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Reference                  Aim                                                                                                                                                                                           Search strategy                                                              Included studies (N)                       Study design                                     Total number of participants              Population                                                                            Outcomes                                                                                                                                                                                     Risk of bias
  -------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------- ------------------------------------------ ------------------------------------------------ ----------------------------------------- ------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------
  Di Marco *et al* [@R40]    To provide a comprehensive summary of modifiable lifestyle factors (dietary habits, leisure activities, social network and so on) associated with the risk of late-onset incident dementia.   NR to 2013.\                                                                 6 (cognitive leisure activities).          Longitudinal observational cohort studies.       NR                                        ≥65 years, adults without dementia at baseline.                                       No quantitative analysis.\                                                                                                                                                                   High
                                                                                                                                                                                                                           PubMed, Ovid MEDLINE, PsycINFO, In-Process & Other Non-Indexed Citations.\                                                                                                                                                                                                                               Cognitive leisure activities might be associated with *reduced incidence of all-cause dementia*.                                                                                             
                                                                                                                                                                                                                           Search terms provided\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                                                                           English-language publications.                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Opdebeeck *et al* [@R41]   To assess the relationship between cognitive reserve (educational level, occupational status and engagement in cognitively stimulating activities) and cognition in multiple domains.         NR to 2014.\                                                                 31 (cognitively stimulating activities).   31 cross- sectional studies.                     24 561                                    ≥60 years (at least 80% of study participants).                                       SMD: 0.26 (95% CI 0.21 to 0.32).\                                                                                                                                                            High
                                                                                                                                                                                                                           PubMed, PsycINFO, ScienceDirect, CINAHL.\                                                                                                                                                                                                                                                                Participating in cognitive leisure activities is associated with *improved cognitive functions* (including memory, working memory, executive function, visuospatial ability and language).   
                                                                                                                                                                                                                           Search terms provided.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  Sajeev *et al* [@R42]      To assess if engaging in late-life cognitive activities is able to delay or prevent dementia.                                                                                                 NR to June 2014.\                                                            12 (cognitively stimulating activities).   10 prospective cohort studies;\                  13 939\                                   ≥45 years.                                                                            No quantitative analysis.\                                                                                                                                                                   Medium
                                                                                                                                                                                                                           PubMed and EMBASE.\                                                                                                     2 nested case--control studies.                  (dementia: 1663; AD: 565)                                                                                                       Late-life cognitive activity might be associated with *lower AD and/or all-cause dementia incidence*.                                                                                        
                                                                                                                                                                                                                           No search terms provided.                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

  Toril *et al* [@R43]       To investigate the extent to which cognitive training with video games enhances cognitive functions in healthy older adults.                                                                  1986--2013.\                                                                 20 (video game training).                  18 controlled studies; 2 uncontrolled studies.   913 (474 trained, 439 healthy controls)   50--86 years, healthy older adults.                                                   SMD: 0.37 (95% CI 0.26 to 0.48).\                                                                                                                                                            High
                                                                                                                                                                                                                           MEDLINE, PsycINFO and Google Scholar.\                                                                                                                                                                                                                                                                   Video game training is associated with *improved cognitive functions* in older adults (including memory, attention, reaction time, cognitive function and executive functions).              
                                                                                                                                                                                                                           Search terms provided\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                                                                           English-language publications.                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Yates *et al* [@R44]       To assess the impact of cognitively stimulating leisure activities on cognition and risk of dementia in later life.                                                                           2004--2014.\                                                                 19 (cognitive leisure activities).         17 cohort studies; 2 case--control studies.      32 546                                    ≥46 years, cognitively healthy adults (ie, no diagnosis of impairment or dementia).   *All-cause dementia incidence:*\                                                                                                                                                             Medium
                                                                                                                                                                                                                           PsycINFO, MEDLINE, CINAHL, EMBASE and the Web of Science.\                                                                                                                                                                                                                                               RR: 0.61 (95% CI 0.42 to 0.90), k=3, RE.\                                                                                                                                                    
                                                                                                                                                                                                                           Search terms provided.                                                                                                                                                                                                                                                                                   HR: 0.58 (95% CI 0.46 to 0.74), k=2, RE.\                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    OR: 0.78 (95% CI 0.67 to 0.90), k=2, FE.\                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    *Cognitive impairment incidence:*\                                                                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    OR: 0.69 (95% CI 0.56 to 0.85), k=5, RE.\                                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    HR: 0.85 (95% CI 0.71 to 1.02), k=3, RE, NS.                                                                                                                                                 
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AD, Alzheimer's-type dementia; CINAHL, Cumulative Index to Nursing and Allied Health Literature; FE, fixed effects model; k, studies that assessed cognitive activities only; NR, not reported; NS, not significant; RE, random effects model; RR, risk ratio; SMD, standardised mean difference.

Outcomes {#s3b}
--------

### Key question 1a: continuing education {#s3b1}

Two interim analyses of the Tasmanian Healthy Brain Project focused on language processing[@R38] and cognitive reserve[@R39] after 4 years of follow-up. To date, no results on the incidence of MCI or Alzheimer's-type dementia are available yet. Both studies reported beneficial effects of continuing education. Thow and colleagues[@R38] showed that attending university courses over a period of 12 months statistically significantly (p\<0.05) improved the language processing capacity in the intervention group compared with the control group. No statistically significant differences were detected for episodic memory, working memory and executive function between groups. In all analyses, authors accounted for age and prior cognitive reserve (education, pre-existing intellectual capacity, life experience).

Lenehan and coworkers[@R39] demonstrated by conducting growth mixture modelling that the cognitive reserve statistically significantly increased in 92.5% of participants in the intervention group (n=359) compared with 55.7% of participants in the control group (n=100). Investigators created a proxy measure of 'current cognitive reserve' to capture dynamic changes in cognitive reserve over time, including intellectual capacity and academic ability.[@R46]

### Key question 1b: cognitive leisure activities {#s3b2}

Overall, the five included systematic reviews reported consistently that participation in cognitively stimulating leisure activities can reduce the risk of developing MCI or Alzheimer's-type dementia and improves cognitive functioning of healthy older adults.

Two systematic reviews[@R40] investigated the impact of cognitive leisure activities on the incidence of Alzheimer's-type dementia. Di Marco and colleagues[@R40] included 6 and Sajeev and colleagues[@R42] 12 primary studies on cognitive leisure activities in their systematic reviews. Both systematic reviews concluded that leisure activities protect against dementia. Due to different categorisation of cognitive leisure activities and a high heterogeneity between studies, quantitative analyses were not possible in the two reviews. The effect estimates of included studies ranged from an HR of 0.39 (95% CI 0.21 to 0.71)[@R47] to an HR of 0.93 (95% CI 0.88 to 0.98),[@R48] showing statistically significantly reduced risks of Alzheimer's-type dementia when carrying out leisure activities. Sajeev *et al* [@R42] performed an extensive bias analysis indicating that it is unlikely that the observed positive effects of cognitively stimulating activities on dementia incidence are exclusively explained by unmeasured confounders or reverse causation.

One review[@R44] assessed both the incidence of MCI and Alzheimer's-type dementia and cognitive test performance. The authors conducted five meta-analyses based on groups for outcomes and reported effect estimates (RR, OR and HR). Four out of five meta-analyses revealed statistically significant results showing that cognitive leisure activities were associated with a reduction of dementia incidence (RR=0.61, 95% CI 0.42 to 0.90; HR=0.58, 95% CI 0.46 to 0.74; OR=0.78, 95% CI 0.67 to 0.90) and a reduction of cognitive impairment incidence (OR=0.69, 95% CI 0.56 to 0.85). However, one meta-analysis combining three cohort studies did not reach statistical significance (HR=0.85, 95% CI 0.71 to 1.02) for reduction of cognitive impairment. A narrative analysis of primary studies assessing cognitive test performance showed a statistically significant improvement of memory, speed of processing, language and executive functioning, and overall later life cognition.

Two other included studies,[@R41] both rated as high risk of bias, focused on cognitive test performance. Opdebeeck *et al* [@R41] reported a benefit in overall cognitive abilities for the group involving in cognitive leisure activities (SMD of 0.26, 95% CI 0.21 to 0.32). The cognitive domains included memory, working memory, executive function, visuospatial ability and language. According to the review by Toril *et al*,[@R43] playing video games enhanced several cognitive functions. They observed an SMD of 0.37 (95% CI 0.26 to 0.48) for global cognitive function (combining results for memory, attention, reaction time and executive functions), showing a benefit for the intervention group.

### Key question 2: harms {#s3b3}

We found no evidence regarding harms of continuing education or cognitive leisure activities.

### Key question 3: subgroups {#s3b4}

Toril and colleagues[@R43] performed several subgroup analyses. The study revealed that the age of the participants and the number of video game training sessions significantly changed the effect size. Older participants (between 71 and 80 years) seemed to benefit more from computer training than younger participants (60--70 years). For the improvement of cognitive test performance, shorter training sessions (1--6 weeks) seemed to show an advantage over longer training interventions (7--12 weeks). By contrast, for incidence of Alzheimer's-type dementia, Di Marco *et al* [@R40] and Sajeev *et al* [@R42] infer from their data that greater participation in cognitive leisure activities over a longer period of time contributes positively to the protective effect.

### Key question 4: optimal age {#s3b5}

No study specifically discussed the optimal age to start with continuing education activities or cognitive leisure activities to prevent MCI or dementia.

Discussion {#s4}
==========

The evidence assessing the impact of continuing education on the risk of MCI or Alzheimer's-type dementia is limited. The only eligible primary study (Tasmanian Healthy Brain Project)[@R45] is still ongoing, but preliminary findings after 4 years of follow-up demonstrated that the dynamic nature of cognitive reserve permits improvements through education even at an advanced age. Nevertheless, these early findings have to be viewed cautiously. In addition, selection bias could potentially distort the results of the Tasmanian Healthy Brain Project because participants voluntarily opted for university courses or no further education. The available publications did not explain sufficiently how baseline differences such as comorbid diseases were taken into consideration during the analyses.

Because of the limited direct evidence, we focused on cognitive leisure activities as proxies for formal continuing education. Overall, the available evidence consistently indicates beneficial effects of cognitive leisure activities by improving the cognitive function of older adults and reducing the incidence of MCI and Alzheimer's-type dementia. These findings could be explained by the neuroplasticity of the human brain, which refers to the ability of the brain to adapt to every new stimulus by forming dendritic connections, creating morphological changes and increasing cognitive reserve.[@R49] Neuroplasticity is an intrinsic property of the human brain that allows us to learn and adapt to environmental changes. Depending on the stimuli, the changes can be positive or negative.[@R49] The concept of neuroplasticity is interrelated with the concept of cognitive reserve, which refers to morphological changes that support cognitive functioning.[@R51]

The magnitudes of beneficial effects, however, varied across systematic reviews, and CIs encompassed effect sizes that would not be clinically relevant. Consequently, we rated the certainty of evidence as low or very low, which means that future studies are likely to have a substantial impact on these findings.

To the best of our knowledge, our study was the first assessing the impact of continuing education on MCI and Alzheimer's-type dementia. It is also the first overview of systematic reviews presenting an up-to-date summary of currently available research in the field of cognitive leisure activities and dementia. Nevertheless, our work has several limitations. First, in the overview of systematic reviews, we had to rely on the quality of included systematic reviews which often had methodological shortcomings (eg, no risk of bias assessment, no dual screening and so on). Second, most of the included studies were observational studies, which are prone to selection bias because participants self-select the group. Risk factors for MCI or dementia in participants selecting leisure activities or further education might be systematically different from participants in the control groups. For example, people who eventually suffer from preclinical dementia stages might be more likely to avoid cognitive leisure activities, which would lead to reverse causation. Third, many primary studies within the reviews used self-reported questionnaires that could be challenging for people who start having cognitive deficits. Finally, the variation of leisure activity categorisation across studies made meta-analysis difficult and sometimes impossible. For example, 'visiting a library' was classified as a cognitive activity by one author but as a physical activity by another. Some studies assessed current participation in activities, others participation at younger ages. Additionally, some studies assessed the frequency of participation, others the time devoted to activities and some the total number of leisure activities. Consequently, due to these limitations, the comparability of results among studies was limited. A standardisation of measures and methods would be necessary to help synthesise evidence in the future and make more reliable recommendations.

Implication for future research, policy and practice {#s4a}
----------------------------------------------------

Based on the preliminary results of a long-term cohort study and indirect evidence from studies on leisure activities, continuing education might be a promising option to help prevent dementia. A recent study suggests that modifiable risk factors (low education, midlife hypertension, midlife obesity, diabetes, physical inactivity, smoking and depression) might be responsible for about a third of Alzheimer's-type dementia cases.[@R52] Hence, considering our results, a campaign promoting to 'actively use the brain by participating in the wide range of continuing education' could possibly be added to the list of preventive options and could have an impact on the reduction of Alzheimer's-type dementia cases. The Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability,[@R53] a randomised controlled trial with a multidomain approach (diet, exercise, cognitive training, vascular risk monitoring), supports the hypothesis that simultaneous changes in several risk factors can lead to a protective effect on cognition.

Further research is needed to address the evidence gap regarding continuing education and the extent to which it acts as a protective factor. A study similar to the Tasmanian Healthy Brain Project,[@R39] but conducted as a randomised controlled trial, would be ideal because it would adequately handle known and unknown confounders. Computers and internet could play a more significant role in future prevention trials. Older adults could, for instance, be randomised to attend online courses and communicate with professors and other students in virtual classrooms. This approach could save time and money, and increase the potential participant pool.

Conclusion {#s5}
==========

Although no firm conclusions about the effects of continuing education on preventing MCI and dementia can be drawn, data from preliminary and indirect evidence indicate that continuing education could potentially have important preventive effects.
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